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INTRODUCTION
Previous results from this laboratory have indicated that the enzymatic systems involved in the incorporation of radio-active lysine into protein of testis slices are markedly more sensitive to the addition of exogenous glucose than those of a number of other tissues of the rat (Davis & Morris, 1963a ; Davis & Firlit, 1965) . The importance of glucose with regard to testicular metabolism has been impairment of the spermatogenic process. Because of the marked depen¬ dency of the testis on glucose, it seemed of interest to attempt to establish normal metabolic patterns for glucose in various types of testicular tissue which might provide the basis for further investigations dealing with testicular mal¬ function. The present studies were designed to investigate the catabolic fate of glucose in slices of the immature testis, the mature testis and the cryptorchid testis of the rat, employing ion-exchange chromatography for the isolation of metabolites of uniformly-labelled glucose.
MATERIALS AND METHODS

Animals
The animals were male Sprague-Dawley rats obtained from (Davis, Firlit & Hollinger, 1963) . The main chamber of the flask contained 300 mg wet weight of tissue in 3-0 ml of Krebs-Ringer bicarbonate buffer at pH 7-4. The side-arm contained 750,000 disintegrations/min of [U-14C]D-glucose in a volume of 0-2 ml. The radio¬ active glucose was obtained from the Nuclear-Chicago Corporation and had a specific activity of 3-9 mc/mmole. The final concentration of radio-active glucose in the incubation flask was 2-2 -5 m. The gas phase was 95% 02 and 5% C02. At the end of a 1-hr incubation period at 37-5°C , the reaction was terminated by the addition of 0-5 ml of 5 N-perchloric acid.
Chromatography of the perchloric acid-soluble fraction Following the addition of perchloric acid, the flask contents were centrifuged for 10 min at 600 g to separate the protein. The supernatant solutions from duplicate flasks were pooled and brought to pH 11-0 with KOH. After standing at 4°C for 2 hr, the insoluble potassium perchlorate was removed by centrifuga¬ tion at 600 g. The samples were then added to a 12-5x0-9 cm column of Dowex 1-X8 ion-exchange resin in the acetate form, and elution carried out by an acetate gradient with a 200-ml mixing chamber initially filled with distilled water (Davis & Morris, 1963b) . The reservoir contained 4 N-acetic acid during the collection of thirty 3-ml fractions, 8 N-acetic acid for the collection of thirty 5-ml fractions and a mixture of 8 N-acetic acid and 4 mammonium acetate during the collection of an additional thirty 5-ml fractions. The flow rate was adjusted to 1 -5 ml/min by suitable air pressure. The material, which was not initially absorbed to the anionic Dowex 1 resin and which passed directly through this column, was brought to pH 2-5 with HC1 and applied to a 17-0x0-9 cm column of Dowex 50W-X4 resin in the hydrogen form. Elution from this cationic resin was carried out by an HC1 gradient with a 250-ml mixing chamber initially filled with distilled water. The reservoir contained 4 n-HCI during the collection of ninety 3-ml fractions. The flow rate was adjusted by air pressure to 1 -0 ml/min. The material not adhering to either the anionic or 346 Mannfred . Hollinger and Joseph R. Davis the cationic resin has been designated the neutral effluent and consists of the precursor, glucose (Busch, Fujiwara & Keer, 1960) .
Assay of radio-activity
Following the collection of the effluent fractions, a 1-ml aliquot of each tube was transferred to counting vials and 15 ml of Bray's solution (Bray, 1960) added containing PPO (2,5-diphenyl-oxazole) and dimethyl POPOP (l,4-bis-2-(4-methyl-5-phenyloxazolyl)-benzene). Samples were counted for 10 min in a Packard Tri-Carb liquid scintillation spectrometer. Corrections (Hall, 1965) , after which 15 ml of a scintillation medium consisting of 0-6% PPO and 0-03% dimethyl POPOP in toluene was added. Correction for quenching was determined by the use of an internal [14C]toluene standard. The counting efficiency was 55%. Table 1 presents the distribution of the non-perchloric acid-soluble radio¬ activity found in slices of the mature scrotal testis, the cryptorchid testis and the immature testis 1 hr after incubation with uniformly-labelled glucose. The data for both 14C02 production and protein labelling from radio-active glucose are expressed in terms of disintegrations/min/100 mg wet weight of tissue. A 45% reduction in C02 production was found to occur in the experimentallyinduced cryptorchid testis, while a 55% reduction in C02 production was observed in the immature testis. In marked contrast to these results, incorpora¬ tion of radio-active glucose into protein of slices of both the cryptorchid testis and the immature testis was much greater than that found in the mature scrotal testis. Protein labelling from radio-active glucose was increased 4-6-fold in the cryptorchid testis and 13-4-fold in the immature testis. Comparison of results obtained with the three types of rat testis Table 2 presents a comparison of the specific activity of the catabolites of glucose in terms of disintegrations/min/100 mg wet weight of tissue which were found to occur in the perchloric acid-soluble fraction of the mature scrotal, the cryptorchid and the immature testis of the rat. In the mature scrotal testis, the Table 2 distribution of perchloric acid-soluble radio-activity in testis slices 1 hr after incubation with radio-active glucose in terms of disintegrations/min/100 MG TISSUE Although appreciable radio-activity was found in glutamine in samples of the mature scrotal, the cryptorchid and the immature testis, very little difference was found in the specific activity of labelled glutamine in these three tissues. On the other hand, the specific activity of glucose isolated from the cryptorchid testis was 2-9 times that found in the mature scrotal testis while the specific activity of glucose isolated from the immature testis was 3-5 times that found in the mature scrotal testis. These data indicate that there is a decreased utilization of glucose into perchloric acid-soluble catabolites in both the cryptorchid as well as the immature testis. Table 3 presents a comparison of the catabolites of glucose occurring in the mature scrotal, cryptorchid and immature testis in terms of their percentages Table 3 distribution of perchloric acid-soluble radio-activity in testis slices 1 hr after incubation with radio-active glucose in terms of percentage of the perchloric acid-soluble radio-activity which was utilized by the tissue. In the mature scrotal testis, nearly one-half of the perchloric acid-soluble catabolites of glucose was accounted for by lactic acid, whereas in the crypt¬ orchid and immature testes only 37 and 16%, respectively, of the perchloric acid-soluble catabolites of glucose occurred as lactic acid. In the cryptorchid testis, a-ketoglutaric acid was found to accumulate to the extent of accounting for 22% of the perchloric acid-soluble catabolites of glucose as compared to only 6% in the mature scrotal testis. Peak P-15, which was essentially absent in the mature scrotal testis appearing only as an ascending limb before the elution of glutamine, accounted for almost 5% of the perchloric acid-soluble intermediary metabolites (Warburg, 1927) . The fact that glutamine was found to be a major catabolite of glucose in the mature scrotal testis may also be correlated with previous reports indicating a high activity of glutamine synthetase in the testis (Levintow, 1954) . It is of interest to note that the remaining 7% of the total perchloric acid-soluble metabolites of glucose in the mature scrotal testis was distributed in thirteen peaks of radio-activity, with only alanine, succinic acid and pyruvic acid corresponding to known standards at the present time. The possibility therefore exists that some of the remaining ten presently unidentifi¬ able peaks of radio-activity may represent new intermediates in the pathway of glucose degradation in the rat testis.
RESULTS
INCORPORATION OF RADIO-ACTIVITY INTO C02 AND PROTEIN
Employing the in vitro experimental conditions of the present report, the results indicate that the mature scrotal testis was capable of metabolizing 87-5% of the total radio-activity of uniformly-labelled glucose into C02, pro¬ tein and perchloric acid-soluble catabolites. In contrast, the cryptorchid testis and the immature testis had the capacity of metabolizing only 63-4 and 53-7%, respectively, of the total radio-activity into C02, protein and perchloric acid-soluble catabolites. These data suggest that the overall oxidative cata¬ bolism of glucose is markedly reduced in both the cryptorchid and the im¬ mature testis of the rat. The appearance and activation of oxidative enzymes in the cells of the seminiferous germinal epithelium has been shown to corre¬ spond to the development of maturing spermatids (Ambadkar & George, 1964; Posalaky, 1965) . Inasmuch as spermatids have been shown to be absent in both the immature and cryptorchid rat testis (Davis & Firlit, 1966) (Davis, Morris & Hollinger, 1964 . It was observed that a marked decrease of radio-activity in both aspartic acid and glutamic acid occurred in both the cryptorchid and the immature testis. One possible explanation for these results may be a more rapid incorporation of isotope from these two amino acids derived during the course of glucose catabolism into protein of the cryptorchid and immature testes.
A marked difference in the catabolic fate of glucose was observed between the mature scrotal testis and the experimentally-induced cryptorchid testis of the rat in that an additional peak of radio-activity, designated P-15, was eluted just before glutamine from samples of the cryptorchid testis, but not from samples of the mature scrotal testis. This additional peak of radio-activity was also found to occur in samples of the immature testis in an amount approxi¬ mately three times the level seen in the cryptorchid testis. Experiments are now in progress which are designed to attempt to identify this unknown catabolite of glucose which is apparently unique to the cryptorchid testis and which also seems to disappear following the normal descent of the immature abdominal testis into the scrotal sac of the adult animal. 
